It is well known that integrable models associated to rational R matrices give rise to certain non-abelian symmetries called Yangians. An analogous situation arises when general integrable boundary conditions are implemented. In this letter we derive explicitly the generators of the 'boundary' Yangians associated to non-diagonal solutions of the reflection equation.
Introduction
Symmetry breaking mechanisms have been the subject of immense interest in modern physics. A well known symmetry breaking process in the context of two dimensional integrable systems is the implementation of general boundaries that preserve however integrability [1] . The presence of general integrable boundaries usually reduces the original symmetry of the system giving rise to 'boundary' algebraic structures (see e.g. [2, 3] ). The study of such reduced symmetries for certain integrable systems with non-diagonal boundaries will be the main objective of this letter.
The present work is essentially the continuation of the investigation undertaken in [3] , where the boundary quantum group generators for the open XXZ spin chain, were constructed systematically by studying the asymptotics of the open transfer matrix. Boundary quantum group generators were originally obtained in [4] for the sine-Gordon model in the 'free fermion' point, whereas in [5] such generators were conjectured for models associated to higher rank algebras. We focus here on open spin chains associated to the sl(n) R matrix and we consider two distinct types of boundary conditions, known as soliton preserving (SP) [2, 6, 7, 8] , and soliton-non-preserving (SNP) [9] - [12] . The latter boundary conditions are also related to the so called twisted Yangians [13] - [15] . For both types of boundaries the generators of the 'boundary' (twisted) Yangians are constructed in a systematic way by studying the asymptotics of the open transfer matrix. It is also shown that certain realizations of the boundary Yangian generators satisfy linear intertwining relations with the K matrix and Sklyanin's operator. Such intertwining relations lead to important algebraic relations between the non-local charges and the entries of Sklyanin's operators fascilitating the study of the underlying symmetry of the system (see also [3] ).
At this point we should introduce the constructing elements of an open spin chain, namely the R and K matrices and the open transfer matrix.
• The sl(n) R matrix is a solution of the Yang-Baxter equation [16] - [18] 
and it can be written in the following compact form
where P is the permutation operator (P (A ⊗ B) = B ⊗ A and P 2 = I).
• In the following both types of boundary conditions SP, SNP are described using a unified framework. The K * matrix is a solution of the reflection equation [19] 
and we defineR
and V the 'charge conjugation' being of the form V = antidiag(1, 1, ..., 1, 1), n odd and even, or
TheR matrix can be also written as
where K is an one dimensional projector satisfying 8) and consequentlyP 2 = ρ 2 I. For the special case n = 2, it is clear thatP = P. Note that the reflection equation (1.3) for SNP is essentially the definition of the so called twisted Yangian [13, 14, 15] . Let us mention that SP b.c. describe physically the reflection of a soliton to a soliton, while SNP b.c. describe the reflection of a soliton to an anti-soliton.
The general form of the sl(n) c-number K * matrix is given by
where f * , k * are n × n λ independent matrices with f * = f,f and k * = k,k for SP and SNP b.c. respectively. For SP b.c. f = iξI and k is a n × n λ independent matrix with non-zero entries given by [8] 10) with ξ arbitrary constant, and c, κ constants satisfying κ 2 = c(c + 1) (see also [8] ), so there are two arbitrary boundary parameters ξ and κ.
Although certain solutionsK (SNP) of (1.3) have been attained for the trigonometric [10] and rational case [12] , the situation is not completely clear yet for this type of boundary conditions. Nevertheless, assuming the general form (1.9) for theK matrix is sufficient for what follows. It is clear that the sl(2) case is rather special, because R 12 =R 12 (by choosing the second V in (1.6)), and consequently K =K.
• We can now introduce the transfer matrix of the open spin chain [1] ,
T * is also called Sklyanin's operator and the monodromy matrices T ,T * are given as tensor products of R, R * matrices, i.e.
Notice that the left boundary for both cases is considered to be I. It can be shown [1, 11] that the transfer matrices (1.11) provide families of commuting operators i.e.,
The latter commutation relations (1.13) guarantee integrability of the models.
Review on Yangians
It is useful for what follows to recall the basic notions associated to Yangians [20, 21] (for a review on Yangians see e.g. [22] ). The sl(n) Yangian Y(sl(n)), is a non abelian algebra -a quantum group [23] - [25] -with generators Q (i) ab and defining relations
and also relations
The Y(sl(n)) Yangian is a Hopf algebra equipped with a co-product ∆ :
Representations of the Y(sl(n)) generators can be obtained by means of the asymptotic behavior of the monodromy matrix T (1.12) as λ → ∞, i.e.
Note that the commutation relations between the non-local charges t m can be derived by virtue of the following fundamental algebraic relation, which is an immediate consequence of the Yang-Baxter equation (1.1), i.e.
as λ i → ∞. To extract the Yangian generators we study the asymptotic expansion (2.4) keeping up to 1 λ 2 terms, namely
Let us now define the following quantities
where the form of t m is obvious from (2.4), (2.6), then Q (i) can be written in terms of the permutation operator as
The non-local charges Q
ab (the entries of the Q (i) matrices) are indeed representations of the Y(sl(n)), while the entries of Q (0) in particular, are representations of the generators of the sl(n) algebra.
Boundary and twisted Yangians
After the brief review on Yangians we are in the position to discuss the case of boundary (twisted) Yangians. As already mentioned we shall study here two different types of boundary conditions, the SP and the SNP [9] - [12] , [26] . The SNP boundary conditions were studied for the first time in the context of integrable lattice models in [11] , whereas a generalized description of these boundaries is presented in [26] .
SP and SNP boundary conditions
In what follows we provide a unified framework for studying both SP and SNP b.c. Our aim is to derive the asymptotic behavior of Sklyanin's operator T * (1.11) as λ → ∞ i.e.,
Commutation relations among the chargest m can be found by virtue of the following algebraic relations (immediate consequence of the reflection equations (1.3))
as λ i → ∞. The later relation (3.2) defines the so called reflection algebra (boundary Yangian) [1] , [27] - [30] or the twisted Yangian [13, 14, 15] depending on the action of * (1.4).
As in the bulk case to extract the boundary (twisted) Yangian generators we keep up to 1 λ 2 terms in the asymptotic expansion (3.1). We need first the asymptotic behavior of the monodromy matrices T ,T * as well as the asymptotics of the K * matrix. The asymptotics of T is given by (2.6), whileT * is written for λ → ∞ aŝ
where obviously
The K * matrix is given by the general form (1.9) for any solution of the reflection equations (1.3), associated to the sl(n) R matrix. Having derived the asymptotics of T ,T * and K * we can now come to the asymptotic behavior of T * as λ → ∞, i.e.
which provides the form oft m (3.1). Let us now consider the following combination oft 6) where for the general sl(n) solution (1.10) of (1.
is also invertible (see e.g [10] ). Let also
then according to (3.6) the chargesQ (i) can be written as
where we define
, a, b ∈ {1, . . . , n} (3.9)
2 The quantitiesQ (1) ab are actually derived up to irrelevant additive constants which are omitted here for simplicity.
depending on the choice of V in (1.6), andā = n + 1 − a is the 'conjugate' index. Relations (3.9) follow from the fact that
Notice that the two last terms in (3.8) vanish for SP b.c. (recall P * = P), and also for the special case where k * = I. Note that K * = I (k * = I, f * = 0) is a valid solution of (1.3) for both boundary conditions. We should point out that for K = I (SP b.c.)Q
(1) ab = 0 (3.8), so the only charges that survive are theQ
ab . Therefore, we conclude that the boundary Yangian does not exist for K = I; in fact it reduces to the sl(2) Lie algebra. The twisted Yangian on the other hand survives even for the trivial boundaryK = I (see also [26] ).
The non-local chargesQ 
Intertwining relations and symmetry
The main objective in this section is the derivation of intertwinnig relations between the boundary Yangian generators and the K, T matrices. With the help of these relations we will be able to study the symmetry of the open transfer matrix . The symmetry of the sl(2) case is examined only, however this study can be generalized in a straightforward manner for the sl(n) case.
Intertwining relations for the K matrix
Consider the combination of the abstract Yangian generators .9)). Notice that the quantitiesQ ab , a fact that implies the 'folding' of the sl(n) algebra for k * = I (for more details on this subject see e.g. [11, 26] ).
The boundary (twisted) Yangian is also endowed with a consistent co-product compatible with (2.3) and (3.8) namely
Consider now the representation π λ : Y(sl(n)) → C n such that
then the generators (4.1) are expressed in terms of the the operators P * , P as 5) notice that the last two terms in (4.5) disappear for SP b.c. (P * = P), and for k * = I.
We shall now derive intertwining relations between the charges (4.5) and the K matrix for SP b.c. One can easily show, taking into account the form of the sl(n) K matrices (1.9), (1.10) , that the following intertwining relations are satisfied
Let us mention that relations (4.7) are the boundary analogue of the bulk intertwining relations for the sl(n) R matrix, i.e.
∆(Q
3 an equally good combination as (3.6) for SP b.c. -in the sence that leads to equivalent results as the combination (3.6)-, isQ
In particular (4.6) leads to the same representations (4.5) for SP b.c., and consequently to the same set of intertwining relations (4.7). The sl(2) case with SNP b.c. is quite simple, because the twisted Yangian coincides with the boundary Yangian, recall that R 12 (λ) =R 12 (λ) (and P =P). Nevertheless, it can be used as a convincing paradigm, because as realized from the procedure described in the last two sections the form of the generators (3.11), (4.1) is valid for the general sl(n) case for both types of boundaries. Intertwining relations of the form (4.7) should also hold for solutions K of (1.3) for the general sl(n) case, which however merits further study and it will be the subject of a forthcoming work. Finally, note that the intertwining relations (4.7) can be also seen as an effective way for deriving the K * matrix provided that it is of the general form (1.9) (see also [31] ).
Generalized intertwining relations
Commutation relations of the type (4.7) can be obtained for Sklyanin's operartor T as well (see also [3] ). To derive the generalized intertwining relations for the T matrix we first need to derive relations similar to (4.8) for the monodromy matrices T andT . Indeed one can easily show using (4.8) and the definitions (4.9) the following necessary relations
Consider now the co-products, which are valid for the general sl(n) case, 12) which hold for the general case sl(n).
For simplicity we use the XXX (sl(2)) model to study the symmetry of the open transfer matrix (1.11), although the following procedure can be easily generalized for the sl(n) case. The crucial point here is that equations (4.12) bear algebraic relations between the entries of the operator T and the boundary non-local charges (3.11) . Indeed let
then from the commutation relations of T with ∆(Q (0) ab ) we obtain 14) and it follows that
From the intertwining of ∆(λ;Q
ab ) with T (4.12) and with the help of (4.14) it can be shown that 16) and consequently t(λ),Q
11 +Q The first of the above relations is also expected from the commutation relation (1.13) as λ ′ → ∞. It is clear that generalized commutation relations between the generatorsQ
ab , a, b ∈ {1, . . . , n} and the entries of the sl(n) T matrix can be now attained in an analogous, although technically more complicated way.
Discussion
Let us briefly review the main results of this letter. The main objective of this work was the investigation of the remaining symmetries of rational integrable spin chains (sl(n)) once non-diagonal boundaries are implemented. We considered two types of boundary conditions known as soliton-preserving and soliton non-preserving. For both boundaries the non-local charges (3.11) were derived explicitly by means of the study of the asymptotic behavior of the open transfer matrix. It turned out that the non-local charges (3.11) were realizations of the generators of the 'boundary' (twisted) Yangian. Furthermore, we showed that certain representations of the these generators satisfy linear intertwining relations with the K and T matrices (4.7), (4.12) with the help of which the symmetry of the open transfer matrix was investigated (4.15) . Relations of the form (4.7) provide also an alternative way of finding solutions of the reflection equations (1.3), although there exist other effective algebraic techniques allowing the solution of these equations (see e.g. [32] ).
It should be finally pointed out that R matrices associated to e.g. o(n), sp(n) algebras enjoy crossing symmetry i.e. R 12 (λ) =R 12 (λ) (1.5), and therefore in this case the boundary Yangian coincides with the twisted Yangian (see also [26] ).
